In PNAS, Chen et al.
(1) present findings that implicate long-term exposure to air pollution as contributing to enormous loss of life expectancy (LE) in China. These results are based on a clever quasiexperimental, regression discontinuity design exploiting a Chinese policy that provided free coal for heating in cities north of the Huai River, but not in the south. A spatial discontinuity for particulate matter air pollution (PM), presumably from coal combustion, was observed. A spatial discontinuity of reduced LE of 5+ y was also observed. If true, these results suggest enormous health costs associated with air pollution in China and have important environmental, economic, and public health policy implications. However, are the results plausible? Are they coherent with other epidemiological studies?
Evidence Base for PM and Mortality
Early evidence that short-term elevations in ambient PM contribute to mortality came from well-documented extreme air pollution episodes in the 1930s to 1950s (2). More recently, numerous daily time-series and case-crossover studies have observed small but statistically robust associations between daily mortality and short-term elevations in PM (3). Population-based cross-sectional studies of long-term exposure to PM (mostly from the 1970s and 1980s) observed mortality rates associated with PM air pollution (4), but were largely discounted because they were unable to control for cigarette smoking or other individual risk factors.
In the mid-1990s, survival analyses of two United States prospective cohort studies were reported. Statistically robust associations between mortality risk and fine PM were observed even controlling for smoking and other individual risk factors. These two prospective cohort studies have undergone extensive reanalysis, replication, and extended analysis (5-7). Additional cohort studies have also been reported, and when evaluated in a meta-analytic review framework there is significant evidence that fine PM exposure contributes to risk of mortality (8) (9) (10) .
Further evidence regarding mortality effects of long-term PM exposure comes from quasiexperimental studies. Between 1980 and 2000, partially as a result of public policy efforts to control air pollution, there were significant improvements in air quality in the United States, especially in the areas that were initially most polluted. Differential reductions in air pollution during this twodecade period provided the basis for a nationwide, natural experiment (11) . A firstdifference regression analysis of United States county-level changes in air pollution and life expectancies, controlling for changes in socioeconomic, demographic, and smoking variables, indicated that reductions in fine PM were associated with significant improvements in LE (11) . Similar results were observed in an analysis of more counties for the shorter time period of 2000-2007 (12) .
This Chinese study reported in PNAS (1) provides one of the most dramatic and interesting quasiexperimental studies reported. The remarkable Chinese policy that produced this natural experiment and the adept use of a well-developed regression discontinuity approach has resulted in a unique and important contribution. Table 1 presents comparisons of extrapolated PM-mortality effect estimates for representative studies of long-term PM exposure. The Chinese study (1) is problematic because it uses TSP (total suspended particles) as its measure of PM. There is ample evidence that the most harmful constituents of PM pollution are in the fine fraction of PM (particles with an aerodynamic diameter < 2.5 μm, PM 2.5 ). The prospective cohort studies typically found the most robust mortality associations with PM 2.5 . The correct equivalency conversion to compare the Chinese study with studies based on PM 2.5 is unknown, but United States data from 1979 to 1983 (6) indicate that ∼30% of TSP was PM 2.5 . In Prospective cohort studies provide estimates of elevated mortality risk from PM, but not direct estimates of LE. Estimates of survival curves and LE are derived using standard life-table techniques and death rates from the 2008 life tables for the total population of the United States (13). The counterfactual baseline LE for nonsmokers is calculated adjusting mortality rates for ages 18 y and older to be 80% of rates from the total population. Life table-derived LE estimates are derived by adjusting for excess risks estimated from the cohort studies, including active smoking for comparison purposes (Fig. 1) . As observed in Table 1 , PM-mortality estimates, including the Chinese study (1), are roughly comparable.
Comparison of Estimates Across Studies

Biological Plausibility
The Chinese study (1) finds PM associations with cardiovascular and respiratory disease mortality but not with other causes of death, which is also generally consistent with the overall literature. Biological plausibility is enhanced by observations in the literature of a coherent cascade of respiratory and cardiovascular health effects (14) . Pathophysiological pathways linking exposure to cardiorespiratory mortality risk are not fully understood, but it is becoming clear that there are multiple mechanistic pathways that are complex and interdependent. Evidence suggests that pathophysiological pathways that link PM exposure to cardiorespiratory disease include pollution-induced pulmonary and systemic oxidative stress and inflammation, enhanced initiation and progression of vascular dysfunction and atherosclerosis, altered cardiac autonomic function, and translocation of particle constituents (14) .
An argument against plausibility concerns the effects of ambient PM pollution compared with cigarette smoking, especially considering the vastly larger dose that comes from active smoking. A comparison of the effects of air pollution and active cigarette smoking is reported in Table 1 , and the relative size of the effect of air pollution is disconcertingly large when considering that breathing ambient pollution is ubiquitous and involuntary. However, recent research that evaluated the exposure-response relationship across exposures associated with air pollution, second-hand smoke, and active smoking indicates largest incremental effects at low levels of exposure, including exposure to second-hand smoke and air pollution. Long-term, relatively low-level exposure may be sufficient to induce adverse biological processes and increase the risk of cardiovascular disease mortality (15) .
Conclusion
With regard to the health effects of air pollution there remains much to be learned. A large literature provides evidence that breathing combustion-related fine PM, even at exposure levels common to populations throughout the world, contributes to cardiorespiratory disease mortality and diminished LE. There is also encouraging evidence that improving air quality contributes to improvements in human health and LE (5, 11, 12) . The results reported by Chen et al. (1) in PNAS make an important contribution to this evidence base that is growing hard to ignore, and begs to be better understood. 
